Japanese Kokai Patent Application No. Sho 63[1988]-155728 



Translated from Japanese by the Ralph McElroy Translation Company 
910 West Avenue, Austin, Texas 78701 USA 



1 



Code: 598-77471 
Ref.: APPLIED DKT 306 D08 



Int. ci: 



JAPANESE PATENT OFFICE 
PATENT JOURNAL 
KOKAI PATENT APPLICATION NO. SHO 63[1988]-155728 

HOI L 21/302 
21/205 



Sequence Nos. for Office Use: 

Filing No.: 
Filing Date: 
Publication Date: 
No. of Inventions: 
Examination Request: 



C-8223-5F 
7739-5F 

Sho61[1986]-303026 

December 19, 1986 

June 28, 1988 

1 (Total of 5 pages) 

Not filed 



PLASMA PROCESSING DEVICE 



Inventor: 

Applicant: 
Agent: 

[There are no amendments to this patent.] 



Yasuhide Sato 

Kosugi Works, Canon Inc. 

53 Imainoue-cho, Nakahara-ku, 

Kawasaki-shi, Kanagawa-ken 

Canon Inc. 

3-30-2 Shimomaruko, Ota-ku, Tokyo 
Giichi Marushima, patent attorney 



Claims 

1. A type of plasma processing device characterized by the fact that it has the following 
means: a supporting means for supporting the workpiece, an electrode set facing the workpiece 
supported on said supporting means, a first RF feed means for feeding a first RF power on either 
said electrode or supporting means, and a second RF feed means for feeding a second RF power 
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[at a frequency] higher than said first RF power to the periphery of the workpiece supported by 
said supporting means. 

2. The plasma processing device described in Claim 1 characterized by the fact that said 
second RF feed means has an antenna for feeding the second RF power and is positioned such 
that it encloses the space between said supporting means and said electrode. 

3. The plasma processing device described in Claim 1 characterized by the fact that said 
second RF power is microwave. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a plasma processing device for etching, depositing, cleaning, 
sputtering, etc. 

Prior art 

In plasma processing technology, the processing gas is converted to plasma, and the ions 
and active radicals contained in the plasma are used to perform processing, cleaning, deposition, 
etc., for the workpiece. 

The plasma used in a conventional plasma processing device of this type is generated by 
feeding RF power at 100 KHz to hundreds of MHz to the electrode or workpiece supporting 
table inside a vacuum container, or by feeding microwave power at 2.45 GHz through a 
waveguide into an air-conditioner [sic; a cavity] resonator/vacuum container to induce discharge. 

In the case of RF discharge by RF power in the range of 100 KHz to hundreds of MHz 
(in the following, this range of frequency will be called RF to distinguish it from microwaves), 
plasma can be generated in a simple device, and it is possible to perform processing by ions at an 
energy of several hundred eV or lower. However, the ionization efficiency is poor, and the level 
of ionization is about 10" 6 . Also, it is difficult to generate plasma at a vacuum of 10" 3 ton* or 
lower. This is a problem. 

On the other hand, when microwave power is applied, it is possible to generate a 
high-density plasma even when the pressure is as low as 1 0" 3 torr or lower, and it is possible to 
perform processing by low-energy ions of about 10-30 eV. On the other hand, however, it is 
impossible to perform processing by ions in an energy range as wide as 10-500 eV, and it is 
impossible to perform processing by high-energy ions. This is a disadvantage. 

In recent years, there has been a high demand for a plasma processing device that allows 
free setting of the energy level of the ions. Consequently, the purpose of this invention is to solve 
the aforementioned problems of the prior art by providing a type of plasma processing device 
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with increased plasma density and increased energy level and controllability of ions, and with 
improved flexibility of the processing operation. 

Objective of the invention 

The objective of this invention is to solve the aforementioned problems of conventional 
technology by providing a type of plasma processing device which allows versatility of the 
plasma processing operation. 

Application examples 

Figures 1-4 illustrate application examples of this invention. (1) represents a processing 
gas feed-in port; (2) represents an anode electrode; (3) represents a microwave feeding antenna; 
(4) represents a CRT; (5) represents a coaxial tube for feeding microwaves; (6) represents a 
microwave matching unit; (7) represents a microwave generator; (8) represents a hollow coil for 
generating a magnetic field; (9) represents a power source for pumping the hollow coil; (10) 
represents a container for generating the plasma; (11) represents the workpiece for processing; 
(12) represents a workpiece supporting table; (13) represents an evacuating system; and (14) 
represents a RF power source. When the workpiece is exchanged, said workpiece supporting 
table (12) is driven by a driving mechanism not shown in the figure to a workpiece exchange site 
not shown in the figure. 

First, the first application example shown in Figure 1 will be explained. In the 
aforementioned configuration, a gas appropriate for processing of the data [sic; workpiece] is fed 
through the processing gas feed-in port. By means of evacuating system (13), the pressure of 
plasma generating container (10) is controlled in the range of 10" 4 torr to 10" 1 torr which is 
appropriate for generating plasma. Said microwave generator (7) usually generates microwaves 
at 2.45 GHz, which are fed through a waveguide or the like to microwave matching unit (6) to be 
adjusted such that the reflective wave from microwave antenna (3) is at a minimum. Said 
microwave generator (7) generates the microwave power such that the microwave antenna is in 
the DC ground (earth) state. 

Microwaves are fed through coaxial tube (5) to microwave antenna (3). Figure 3 is a 
diagram illustrating an example of the antenna and the coaxial tube. Figures 3(a) and (b) 
illustrate appearances taken from different angles. Here, (3) represents the microwave antenna; 
(31) represents a slit; (5) represents the coaxial tube; (51) represents an insulator for holding the 
conductor at the center of the coaxial tube. The antenna shown here is of a slot type, and is 
usually called a rijitano [transliteration] coil. Length L of slit (31) is an integral times A72, where 
X represents the wavelength of the microwaves. For example, when the microwave frequency is 
at 2.45 GHz, the length of the slit corresponding to 1/2 X is 6 cm. This antenna is taken as a 
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cavity (resonator) of the TE 0 n mode. Insulator (51) not only holds central conductor (51), but 
also acts as a vacuum seal. Also, while a coaxil tube is shown here, the same effect can be 
realized with a waveguide. On the periphery of plasma generating container (10), hollow coil (8) 
is set to generate a magnetic field in plasma chamber (4). The magnetic field level is such that 
the electrons in the plasma chamber can cause electron cyclotron resonance with the microwaves 
(for example, for microwaves at 2.45 GHz, the magnetic field flux density is 875 Gauss). In this 
way, plasma can be generated at high efficiency, and it is possible to generate high-density 
plasma even at a low pressure (10" 3 torr or lower). 

The plasma generated in plasma chamber (4) acts on workpiece (1 1) set on workpiece 
table (12), so that it is possible to perform etching, depositing, cleaning, or other processing. 

On the other hand, anode (2) is set at a site where the electric field of the microwaves is 
weak and facing workpiece table (12), such as at a distance of an integral times A/2 from the end 
of the slit of the antenna, and it is grounded so as to have the same potential as plasma generating 
container (10). An RF power of 100 KHz to hundreds of MHz is fed from RF power source (14) 
to workpiece table (12). In practice, the frequency is usually selected in the range of 100-500 
KHz or 13.56 MHz. Also, for microwave leakage towards RF power source (14), one may set a 
device for inhibiting the microwaves, such as a unidirectional tube, between workpiece table (12) 
and RF power source (14). 

An antenna is positioned around the counter electrode to form a nearly enclosed space. 
Consequently, it is possible to apply both microwave and RF power on the processing gas in this 
space at high efficiency, and the ionization efficiency improves. Also, the ions generated can 
hardly escape into other space, and workpiece (11) can be processed for etching or the like at 
high efficiency. 

The electrode on which the RF power is applied is smaller than the other electrode. When 
the RF power is applied in this electrode configuration on the plasma, a negative bias potential of 
tens to hundreds of V is generated on workpiece (1 1) set on workpiece supporting table (12), that 
is, the electrode on which the RF power is applied. By means of this potential, ions in the plasma 
are accelerated, and they hit workpiece (1 1) to promote the workpiece processing function. Since 
this potential depends on the RF power, it is possible to control the energy of the ions by 
adjusting the RF power. Also, when the frequency of the RF power is low (hundreds of kHz or 
lower), the ions are accelerated directly by the RF power when the potential of the side of the 
workpiece becomes negative. In this case, too, etching or the like by ions can be realized. 

If microwave power is not applied, the RF power alone can generate plasma to perform 
plasma processing. On the other hand, microwave discharge alone also can perform plasma 
processing. 
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In addition, by selecting the RF power and microwave power appropriately, it is possible 
to realize versatility of processing. For example, when processing is carried out by ions at a low 
energy, there is little damage to the workpiece, and this method is appropriate for fine 
processing. However, the processing time is long. This is a disadvantage. In processing by 
high-energy ions, since the energy is high, processing action from collisions is significant, and 
the processing time becomes shorter. However, damage to the workpiece is significant, and 
defective products may be formed in a fine processing operation, etc. In the device of this 
application example, use of both power sources allows generation of a high-density plasma, and 
processing can be performed by ions in a wide energy range. Also, if the processing rate is to be 
further increased, upon the instruction from the operator, controller (100) controls RF power 
source (14) so that the RF power is increased, and the number of high-energy ions are increased. 
On the other hand, when processing is to be performed with little damage to the workpiece, 
controller (100) controls RF power source (14) to lower the RF power, or it controls microwave 
generator (7) to increase the microwave power, so that the number of low-energy ions is 
increased. In this way, depending on the desired processing state, it is possible to adjust the 
energy state of the ions generated. 

Controller (100) can adjust the power levels of RF power source (14) and microwave 
generator (7), respectively. 

Figure 2 is a diagram illustrating a second application example. This application example 
differs from the first application example in that RF power source (14) is connected to anode 
electrode (2), and workpiece supporting table (12) is connected to plasma generating container 
(10). Otherwise, this application example is identical to the first application example. In this 
case, too, by adjusting the RF power and microwave power appropriately, it is possible to 
perform composite processing. 

Also, in order to prevent contamination of plasma chamber (4) by debris formed due to 
etching of an electrode, etc., by the plasma, it may be covered with Si0 2 or the like. 

That is, as shown in Figure 4, a lower-opening cylindrical shaped fused silica glass inner 
container (101) may be set inside plasma chamber (4). 

Effect of the invention 

As explained in the above, this invention allows versatility of processing operations. 

Brief description of the figures 

Figure 1 is a cross-sectional view of the first application example of this invention. 
Figure 2 is a cross-sectional view of the second application example. Figure 3 is a diagram 
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illustrating a slit type microwave antenna. Figure 4 is a cross-sectional view of the third 
application example. 

2 Anode electrode 

3 Microwave antenna 

1 0 Plasma generating container 

1 1 Workpiece 

12 Workpiece supporting table 




Figure 2 
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Figure 4 
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